In this paper, we describe the single and multi-bunch sources of emittance dilution in the linacs of both 1 and 5 TeV center-of-mass energy linear colliders. The linacs operate at high rf accelerating gradients with a frequency around 30 GHz. At this high accelerating frequency, the wakefields are very strong and we discuss the BNS damping and correction procedures as well as the alignment and construction tolerances that are required to preserve the transverse emittance. Finally, because the collider must operate with long bunch trains, we consider the multi-bunch emittance dilution for a few cases where either the longrange transverse wakefield is damped or it is decreased by a combination of weak damping and detuning. In most sectors, the phase advance per cell starts at roughly 90" -100" and then slowly decreases, reducing the variation of the energy spread required for 'autophasing'[q which is used to control the single bunch beam break-up. In the 1 TeV case, this required energy spread is roughly 0.8% rms while it is about 0.4% rms in the 5 TeV case. Finally, the average rf phase required to achieve a final relative energy spread of 0.8% full width is -13" and -5" for the two cases while the energy overhead required to vary the rf phases and implement the autophasing is roughly 1~2 % .
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SINGLE BUNCH DILUTIONS
The primary single bunch emittance dilutions are due to the transverse wakefields and the non-zero beam trajectory that arises from quadrupole and BPM misalignments. As listed in With these tolerances and correcting the trajectory with the simple 1-to-1 method, we find -50% vertical emittance growth in the 1 TeV design and -200% growth in the 5 TeV case. While with the 1 TeV parameters, the emittance dilution after the 1-to-1 trajectory correction is acceptable, this is not the case at 5 TeV and thus some additional form of emittance correction has to be considered.
Emittance Correction
There are a number of possible emittance correction techniques. In this paper, we describe a global correction technique where emittance tuning 'bumps' are varied to minimize the emittance at emittance diagnostic stations located along the linacs; a similar technique is routinely used at the Stanford Linear Collider (SLC) to reduce the vertical emittance dilution from roughly 1000% to about 100% [9] . In our case, the emittance tuning bumps are constructed from pairs of accelerator structures which are separated by 90" in betatron phase and are located upstream of the diagnostic stations. The results of simulations are shown in Fig. 2 where five sets of bumps reduce the emittance dilution from roughly 190% to about 35%. Finally, results using an alternate technique, where the phase advance along the linac is varied by small changes in the quadrupole strengths, are describe in Ref.
[ 101; here, a similar six-fold reduction was also found. 
MULTI-BUNCH DILUTIONS
Multi-bunch beam break-up will limit the bunch-to-bunch spacing. In these high energy linacs, the amplitude of the long-range transverse wakefield is reduced by 'detuning' the dipoles modes so that there is a spread in mode frequency andor by damping the wakefield directly. In either case, the wakefield decays rapidly with time. Thus, the threshold for multi-bunch instabilities, which is proportional to both the bunch charge and the wakefield, is extremely sensitive to the bunch separation. We have calculated the emittance dilution that arises from an injection trajectory error versus the bunch separation assuming a wakefield calculated by scaling the NLC DDS accelerator structure[8] to 30 GHz. The dilution remains roughly equal to the single bunch dilution until the bunch separation is reduced to 10-12 rf buckets where the beam break-up becomes significant. Similar results are found using the wakefield for the CLIC damped structure[ 111 but the CLIC DDS accelerator structure[ 121 does not perform as well at the shorter bunch spacing because it was optimized for a bunch spacing of 30 buckets.
If the multi-bunch beam break-up is small, the multibunch emittance dilutions are also usually small when compared to the single bunch emittance dilutions. Assuming the tolerances described in the previous section, we find that this is true for both the 1 and 5 TeV cases; as listed in Table 3 , the dilutions with a full bunch train are very similar to the single bunch dilutions.
JITTER AND STABILITY
One of the big liabilities in a large linear collider is the sensitivity to vibration and drifts. We can separate the motion into three regimes: motion due to ground waves which tends to be highly correlated, high-frequency motion which is essentially random from magnet-to-magnet (jitter), and slow drifts where the elements perform random-walk type movements.
Correlated Gmund Motion
At low frequencies (f 510 Hz), where the wavelength is long compared to the betatron wavelength, the correlated ground motion has little effect on the beam; the beam simply follows the ground contour. In addition, the trajectory feedback systems further reduce the sensitivity to the low frequency motion. Calculations, based on measurements at SLAC [B] , show that, in the worst case, the induced beam motion would be less than 5% of the beam size.
Jitter
The jitter tolerance, to limit the beam motion to 25% of the beam size due to uncorrelated magnet vibration, is 4.5 nm in the 1 TeV design and 1.2 nm in the 5 TeV design; the reduction is primarily due to the smaller beam sizes in the higher energy case. This imposes tight, although not unreasonable, tolerances on the man-made or 'cultural' vibration; measurements at the ALS in Berkeley and the FFTB at SLAC have observed roughly 1 nm difference between quiet conditions where the magnet motion is simply due to ground motion and noisy conditions where all systems where operational. If necessary, additional stabilization could be provided by using either active or passive damping.
Drifts
Slow drifts of the accelerator components are frequently described with the 'ATL' relation[ 131 which assumes that the magnet positions along the linac perform a random walk in both time and separation. In this case, the expected difference in transverse position between any two locations will vary as (Ay2) = A*T*L where T is the time between successive measurements, L is the distance separating the two locations, and A is a coefficient that depends on the geological conditions of the surrounding environment. For our calculations, we use a coefficient A=5x p 2 / s / m . This is larger than values measured in the FFTB tunnel at Stanford Linear Accelerator[ 141 but is smaller than measurements at some other laboratories.
In the 1 TeV case, the emittance dilution increases by roughly 50% after 30 minutes which is similar (50% faster)
to the NLC design. The dilution increases roughly 3 times faster in the 5 TeV case as is illustrated in Fig. 3 . This suggests that, in the 5 TeV case, the beam trajectory should be re-steered (using 1-to-1 correction) every 5 minutes to constrain the time-averaged dilution to roughly 15%. Alternately, a similar correction procedure could be implemented as a slow steering feedback loop. In either case, there should be minimal luminosity impact.
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